A tomato spotted wilt-like virus (TSWV-I) is a distinct member of the Tospovirus genus of the Bunyaviridae and is distinguished from the typical TSWV by having a serologically distinct nucleoprotein (N). A cDNA clone extending from the 3' terminus of the viral RNA through the entire N open reading frame (ORF) was sequenced. The TSWV-I N ORF is capable of encoding a polypeptide of 262 amino acids with a predicted Mr of 28.8K. In vitro transcription and translation of the clone produced a protein which comigrated with TSWV-I N and was immunoprecipitated by TSWV-I antibodies. Hybridization analysis of lithium chlorideprecipitated RNA from healthy and TSWV-I-infected tissue detected a virus-specific 1.2kb subgenomic RNA. The TSWV-I S RNA terminal consensus sequence (8 nucleotides) was identical to that of TSWV; the remaining TSWV-I untranslated region showed only 51% identity with that of TSWV.
Comparison of the TSWV-I and TSWV N proteins showed 67% identity at the amino acid level. The degree of similarity in the terminal sequence, untranslated region and N ORF is similar to that expected between distinct serogroups within certain genera of the Bunyaviridae.
The Tospovirus genus [formerly the tomato spotted wilt virus (TSWV) group] of the Bunyaviridae has been considered to be a monotypic taxon of plant viruses (Francki et al., 1985; Wang & Gonsalves, 1990) . Although similarities to the Bunyaviridae had been recognized previously (Milne & Francki, 1984) , it has only recently been designated a genus (D. Peters, personal communication). The Tospovirus genus is characterized by quasi-spherical enveloped particles containing three linear RNA species designated L, M and S based upon their relative electrophoretic migration (van den Hurk et al., 1977; Mohamed, 1981 ; de Haan et al., 1989a) . The L RNA is approximately 8.2 kb long (de Haan et al., 1989a) and is assumed to encode the transcriptase by analogy with other Bunyaviridae (Elliott, 1990) . The M RNA is approximately 5-4 kb in length (de Haan et al., 1989a) and is thought to encode the G1 and G2 glycoproteins. The M RNA of other bunyaviruses encodes the G1 and G2 glycoproteins, as well as a non-structural protein (Elliott, 1990) . The TSWV S RNA has two open reading frames (ORFs) in an ambisense orientation, one of which encodes the nucleoprotein (N). N is translated from a viral complementary sense subgenomic mRNA whereas the nonstructural protein (NSs) is translated from a viral sense subgenomic mRNA (de Haan et al., 1990) . The ambisense coding strategy is also a characteristic of the Phlebovirus and Uukuniemi genera of the Bunyaviridae (Ihara et al., 1984; Simons et al., 1990) .
A TSWV-Iike virus which causes significant losses in floral crops throughout North America was recently identified (Law & Moyer, 1989) . Although the RNA species and structural proteins of this virus are similar in size to those of TSWV, serological analysis of the structural proteins revealed that whereas the two envelope proteins (GI and G2) were conserved, N did not cross-react in heterologous assays (Law & Moyer, 1990) . In addition, it has been shown that there are morphologically distinct cytopathic structures associated with the TSWV-like virus that have not been reported for TSWV (Law & Moyer, 1990; Urban et al., 1991) . These structures have recently been shown to be an accumulation of NSs (Kormelink et al., 1991) . In this paper we confirm the distinct nature of N and compare the terminal sequences of this virus to those of TSWV. These results support the designation of this virus, provisionally labelled TSWV-I, as the type member of a second serogroup within the Tospovirus genus of the Bunyaviridae.
cDNA clones synthesized from TSWV-I S RNA were generated from artificially, polyadenylated viral RNA and verified as described previously (Law & Moyer, 1990) . The native clone was authenticated by hybridization analysis with viral RNA, total RNA extracts from healthy and infected plants, and subsequent detection of the subgenomic RNA. The cDNA used for the detection of the subgenomic RNA was prepared by randomprimed labelling of a clone (S18) with [32p]dCTP. Lithium chloride-insoluble R N A from non-infected and TSWV-I-infected Nicotiana benthamiana was extracted by the method of Wadsworth et al. (1988) , and resolved by electrophoresis on a denaturing glyoxal-agarose gel (McMaster & Carmichael, 1977) . Northern blots of total RNA (Thomas, 1980) we-e hybridized with the labelled S18 cDNA, and the 3.0kb S RNA and a 1.2kb subgenomic RNA were specifically detected ( Fig. 1 ). This result demonstrated the specificity of the clone for the TSWV-I S RNA and the occurrence of the subgenomic RNA in TSWV-I-infected tissue. RNA transcripts were synthesized from the same clone (S 18) and used as templates for in vitro translation. Viral complementary sense RNA was expressed from the S18 clone in the transcription vector Bluescript SK (Stratagene) by run-off transcription using T7 R N A polymerase according to the manufacturer's directions (Stratagene). R N A transcripts were translated in a rabbit reticulocyte lysate (Promega) as described by the manufacturer. The in vitro translation products were analysed by S D S -P A G E (Laemmli, 1970) and fluorography. R N A transcripts from the S18 clone directed the synthesis of a 28.8K protein (Fig. 2) which comigrated with authentic TSWV-I N (Fig. 2) . The in vitro translation products were then immunoprecipitated (Dougherty & Hiebert, 1980) with either pre-immune antibodies, anti-TSWV structural protein antibodies or anti-TSWV-I structural protein antibodies (Law & Moyer, 1990) . Neither pre-immune antibodies nor anti-TSWV antibodies precipitated the TSWV-I-directed protein (Fig. 2) ; anti-TSWV-I antibodies did not precipitate brome mosaic virus RNA-directed polypeptides but did precipitate a 28.8K polypeptide directed by the S18 transcript (Fig. 2) . The S18 clone was sequenced from a set of nested deletions generated by exonuclease III digestion (Henikoff, 1987) . The D N A sequence of the clones was obtained by the dideoxynucleotide chain termination method (Sanger et al., 1977) . The nucleotide sequence of the 3' 1144 bases of the viral sense RNA was determined from the S18 clone and confirmed from two other overlapping clones (Fig. 3) . The TSWV-I nucleotide sequence was compared and aligned to the TSWV sequence using the PCGene program Fastscan (Intelligenetics). Alignment of the nucleotide sequences of TSWV-I and TSWV showed 5 9~ identity throughout the entire sequence.
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The TSWV-I T-terminal sequence contained 14 of the 15 nucleotides (nt) reported for TSWV including the 8 nt terminal consensus sequence (de Haan et al., 1990) (Fig.  3) . The conservation of the terminal sequence between TSWV-I and TSWV is consistent with other members of Bunyaviridae genera (Elliott, 1990) . However, the TSWV-I nucleotide sequence diverged following the terminal sequence, showing 51 ~ nucleic acid identity in the non-coding region between the 3' terminus and the N ORF. In the TSWV S RNA, the 65 3'-and 5'-terminal nts are conserved (de Haan et al., 1990) . These conserved 3'-and 5'-terminal nucleotides are thought to be involved in :: ., 1991) . The TSWV-I N ORF is defined by an initiation codon 150 nucleotides from the 5' viral complementary sense RNA terminus and a termination codon 935 nucleotides from the terminus (Fig. 3) An A-U-rich intergenic region was found on the 5' end, following the TSWV-I N ORF (Fig. 3) , and a similar region has also been identified in the TSWV S RNA (de Haan et al., 1990). There was 52~o nucleic acid identity between the intergenic regions of TSWV-I and TSWV. An A-U-rich intergenic region is also found in Punta Toro virus, a member of the Phlebovirus genus (Emery & Bishop, 1987) . This region has the potential to form a secondary structure and may be involved in transcription termination (de Haan et al., 1990).
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The TSWV-I and TSWV N amino acid sequences (Fig. 4) share 67~ overall identity. The hydrophilicity profiles of the two N proteins were similar for the first 100 amino acids from the amino terminus and then diverged toward the carboxy terminus, with the most hydrophilic region in both proteins being near amino acid 85 (Fig. 4) . The highly conserved regions of high hydrophilicity are predicted to form antigenic domains. However, previous studies have found no serological relationship between the TSWV-I and TSWV N proteins (Law & Moyer, 1990 ). This may suggest that the highly conserved regions shared by the two proteins represent cryptotopes, or are not highly immunogenic in rabbits.
Serological differences in the structural proteins of TSWV isolates has resulted in the proposal of their classification into serogroups (Law & Moyer, 1990; Fig. 4 . Comparison of the TSWV-I and TSWV N amino acid sequences. The comparison was performed by the method of Myers & Miller (1988) . Gaps are represented by dashes; amino acid identity is represented by a colon and similarity by a period. The domain of greatest hydrophilicity is identified by asterisks. Avila et al., 1991) . The serological relationship between the structural proteins is used to classify viruses within Bunyaviridae genera. N is highly conserved among serogroups in three genera, with the glycoproteins being less conserved (Elliott, 1990) . The genera with an ambisense coding strategy are exceptions, with the glycoproteins being more highly conserved than the N proteins. The N of phleboviruses in different serogroups has been shown to exhibit 35~ to 55~o nucleic acid identity, whereas viruses within the same serogroup typically exhibit > 80~o identity (Elliott, 1989; Giorgi et al., 1991) . Although the differences between the TSWV-I and TSWV nucleotide sequences in the N ORF were not as great as those reported between viruses in different serogroups of the Phlebovirus genus, these differences, together with differences in the untranslated region, demonstrate that these are two different viruses. Sequence comparisons of serologicaUy related TSWV isolates identified only four amino acid differences in the N ORF (de Haan et al., 1990; Maiss et al., 1991) , which provides additional evidence of the distinct nature of TSWV-I. The presence of the consensus sequence, together with differences in the untranslated region and N ORF, not only support the separation of these two viruses into distinct serogroups, but may also provide a framework by which other serologicaUy distinct TSWV isolates may be classified.
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